ARTICLE SUMMARY
This prospective, cross-sectional diagnostic study examined the performance of POCUS in the diagnosis of suspected nonangulated forearm fractures in pediatric patients aged 4-17 years. X-ray was considered the criterion standard. The test characteristics reported are a sensitivity of 94.7% (95% confidence interval [CI] = 89.7%-99.8%), a specificity of 93.5% (95% CI = 88.6%-98.5%), a positive likelihood ratio of 14.6, and a negative likelihood ratio of 0.6.
QUALITY ASSESSMENT
This was a well-done diagnostic study, with a clearly defined patient population based in the ED, in which all patients underwent both the study test (POCUS) and a clinical standard (x-ray). There are some limitations. A convenience sample was used, which could result in selection bias if the included patients were in some way different from those who were not included. The accuracy of POCUS is userdependent. The use of expert sonographers in this study provides a look at the accuracy of POCUS in ideal circumstances, but limits generalizability, as the average emergency physician may not possess these skills. On the other hand, sonographers were blinded to injury mechanism. Although this provides us with a more accurate look at POCUS in isolation, it may underestimate the diagnostic value of POCUS in practice, where images are guided and interpreted in the context of the history and physical examination. There is also a question of what constitutes the ideal criterion standard for fractures. X-ray was used as the criterion standard in this study, but we know that x-rays are imperfect. There were six factures identified by POCUS that were deemed false positives based on the x-ray results. However, it is possible these were real fractures that were missed by x-ray, but without clinical follow-up we cannot know. Similarly, without clinical followup, this study cannot tell us if the injuries missed by POCUS were clinically important. There were four missed injuries: one buckle fracture and three ulnar styloid fractures. If POCUS is going to be widely used to diagnose fractures, it would be ideal to see a randomized controlled trial comparing POCUS to x-ray as the initial diagnostic strategy and focusing on clinical outcomes in follow up as the primary outcome.
KEY RESULTS
A total of 169 children were enrolled in the study and 76 (45%) were diagnosed with fractures. The mean age was 11 years with 52% being male. Most fractures (80.3%) were buckle fractures. Sensitivity of POCUS (the primary outcome) was 94.7% (95% CI = 89.7%-99.8%). The remaining test characteristics for POCUS were a specificity of 93.5% (95% CI = 88.6%-98.5%), positive predictive value of 92.3% (95% CI = 86.4%-98.2%), a negative predictive value of 95.6% (95% CI = 91.4%-99.8%), a positive likelihood ratio of 14.6, and a negative likelihood ratio of 0.6. Inter-rater agreement between the bedside ultrasonography and an expert sonographer reviewing the images is reported as excellent, with a kappa of 0.74. As compared to x-ray, patients reported less pain with POCUS. Ninety percent of caregivers were "satisfied" or "very satisfied" with POCUS.
AUTHORS' COMMENTS
Acute musculoskeletal injuries are common in pediatrics and accurate diagnosis is important. This study illustrates that POCUS, when performed by experienced sonographers, has a high diagnostic accuracy for nonangulated distal forearm fractures, but will miss some fractures. It is valuable to know that POCUS takes less time than x-rays, has a low level of reported pain, and has a high level of caregiver satisfaction. Although POCUS probably has a role in some clinical settings, these results do not support widespread adoption as a replacement for x-ray.
TOP SOCIAL MEDIA COMMENTARY
Comments from theSGEM.com Casey Parker: This is another paper showing that POCUS can give us good, rapid information. It remains difficult to use US purely in practice as our teams and orthopedic colleagues remain "in the dark." I have a few comments/questions about the paper:
1. The physicians performing the scans in the ED were "blinded" to the mechanism of injury. This is an odd way to carry out a POCUS trial as the main benefit of POCUS in any modality is that we can correlate clinical, historical, and imaging findings in real time and hence improve our yield and accuracy. In my experience, the commonest error made-missing fractures-occurs when we fail to correlate clinically. When scanning kids' arms-I start by asking them to point "where the pain is," this is really helpful for finding fractures fast and avoiding false positives 2. There were six "false positives" where the US was positive and the X-ray negative. Obviously without another image (CT or delayed X-ray) we don't have a true "criterion standard." Most of the false positives that I see are incorrectly attributed to normal epiphysis plates, which can look like fractures. My tips-if you find a possible fracture and it is not where the kid says the pain is, then push on it gently, test it, then if still in doubt scan the contralateral arm for symmetry. Not sure what tricks this study protocol allowed, but these will decrease the false positives. Of course, some of these false positives could actually be true positives, if we assume the X-rays were wrong. Any data on this? 3. It is always nice to see factoids emerge from data.
The fact that the majority of the misses were ulna styloid fractures is really helpful. If we learn this type of factoid from small trials then we can improve our practice/protocols by deliberate searches for a styloid injury as part of the scanning technique-this is one that we often miss. But remember, the best way to POCUS properly is to integrate it into your clinical assessment-if the kids points at their styloid, then look there first! Dr. Poonai's reply: Thanks for the comments and tips, Casey. Here are my responses: 1) You're correct that in the clinical setting we incorporate a history and exam but blinding was incorporated into the protocol so as not to inflate the test performance characteristics. 2) There were no data on these as we took the pediatric radiologist's interpretation as the criterion standard. Not all children receive follow-up x-rays.
Dara Kass: I love idea of using POCUS as a screening tool for our kids at sleepaway camp. Often we are 45 minutes from the nearest x-ray and with so many sprains versus nondisplaced fractures, knowing who to send immediately for x-rays versus splint, and watch overnight would be incredibly useful. I have been using this in practice casually and find it a great way to set expectations for parents and kids while they wait for x-ray (e.g., "looks good to me, but we are going to get an xray to make sure" or "I am pretty sure I see something small, let's wait for the x-ray"). Thanks for a great review and looking forward to taking this out of the traditional ED setting.
Dr. Poonai's reply: Interesting question, Dara. This is a great example of the clinical context in which many POCUS aficionados find the technology to be quite useful. Although adequately powered, I will admit that our study was small to moderately sized and, at this stage, I may be reluctant to use POCUS exclusively to rule out a fracture. However, our specificity was quite high, suggesting that if a fracture is seen on POCUS, the x-ray may not be needed. This depends on obtaining a reliable history from the child with respect to the mechanism of injury (read: consistent with injury pattern so as not to miss NAI) and location of the pain. Hope that helps.
Eve Purdy: Thanks for the great episode. I am very skeptical that our orthopedic colleagues (at least where I work) would be keen for this to be used as a replacement for X-ray-although I certainly can see why and how it would be useful in different settings explored (LMIC, camps, etc.). The usual pattern of referral in our community is that one of our ortho docs sees kids with fractures or ?fractures. They are triaged based on X-rays and treatment determined. Without access or ability to interpret POCUS images our colleagues will be left in the dark. Even if follow up is with the FP it is nice for them to have access-or reports-from original imaging. What medicolegal/difficulty with consultation down the road risk exists if imaging is not saved/ uploaded to a system. This is not possible at our institution. If we are not using it to replace x-ray I'm not sure that it will save much time or add a lot to the clinical equation I'm don't think this study will change my pattern of practice-except I might take a look just to improve my POCUS skills.
Dr. Poonai's reply: You've made some great points, Eve. And yes, I fully agree that practice patterns across institutions, healthcare systems, and countries are important consideration in how the results of our study impact practice. As far as medicolegal issues, at our center, image acquisition (stills or video clips) using POCUS are uploaded onto a central registry called Qpath. From there, images can be read, annotated, and archived. This may be one avenue for ensuring that there's a paper trail.
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TAKE-TO-WORK POINTS
Pediatric forearm fractures can be assessed quickly and with minimal pain using POCUS in the ED. The accuracy is good, but with a sensitivity of 95% in expert hands, POCUS is probably not ready for routine use. For best accuracy, POCUS results should be always considered in the context of the history and physical examination.
